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Abstract  
In this study, high-speed tensile testing for notched specimen is conducted to investigate the impact property of 
Polydimethylsiloxane copolymerized Polycarbonate (PDMS-PC) compared with Polycarbonate (PC). Depending on the test 
temperature and tensile speed, brittle or ductile fractures are observed for PC. However, only ductile fractures are seen for 
PDMS-PC even at the high speed 7000mm/s and low temperature 243K. The impact properties are also considered in terms 
of the time-temperature superposition principle. Then, master curves for the final fracture elongation for both PC and 
PDMS-PC are constructed in terms of the strain rate at the notch in conjunction with shift factors. The fracture behavior can 
be predicted for the wide range of impact speed under various temperatures from these master curves. 
Key words : Polycarbonate, High-speed tensile test, Impact property, Ductile fracture, Time-temperature superposition 
principle  
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2. ???? 
??????PC??? PDMS-PC?PDMS??? 5wt???????JIS K 7161?7162????? 1A????
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??????? 1 ?????????????????????????????(????? IS150E)????
??????? 553K????? 353K????????? 4??? R=0.2mm??? 5mm????? 90????
?????????????????? 4???????????????????????????????
???????????????????????? TS-4000???????????????????????
?????????????????????????? 243?253?263?273?296K? 5??????? 100?
350?3500?7000mm/s? 4??????????????????????????????????????
????? R=0.2mm???? 3500mm/s??????????????????????????? Izod??? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
20
40
60
80
100
0 20 40 60 80 100 120
N
om
in
al
 st
re
ss
 σ
M
Pa
Nominal strain ε % (Gauge length=115mm)
PC
PDMS-PC
Table 1 Mechanical properties implemented in accordance with JIS 
K 7161 and 7162. 
Fig. 4 Shape of double-edge-notched specimen. Gauge 
length=50mm, Kt=6.14, Ktε̇=8.72 (Noda, et al., 2013) 
material Yield stress σ
y
 MPa 
Stress at break 
σ
b
 MPa 
Stiffness 
E GPa 
Nominal strain at 
break 
ε
b
 % 
(Gauge length=115mm) 
PC 62 73 2.3 111 
PDMS-PC 57 65 2.1 109 
 
Fig. 3 Stress-Strain curves at tensile speed 50mm/min (strain 
rate 0.007s-1) of PC and PDMS-PC implemented in 
accordance with JIS K 7161 and 7162. The results for 
PC and PDMS-PC are plotted with the solid blue and 
green curves, respectively.  
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Fig. 1 The chemical structure of PC. Fig. 2 The chemical structure of PDMS. 
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3. ????????????????????????????? 
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?????????????????????????????????? 5???????????????
??????????????????????????????????????????????????
?????????????????G. L.=50mm????????????????????????????
???????????????????????????????????????????????? PC
???????? 296K?????????? 100MPa???? 5%????????????????????
??????????????????????273K??????????????????????????
??????????????????????????????????????????????????
???????????????????????????????????????????????????
263K????????????????????????296K??????????????????????
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Fig. 5 Stress-Strain curves at deformation rate 3500mm/s in various temperatures of PC and PDMS-PC. The results for the 
test temperature 296, 273, 263, 253 and 243K are plotted with the solid blue, red, yellow, green and purple curves, 
respectively. In PC, the breaking strain decreases significantly around temperature lower than 263K. 
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Fig. 6 Fracture energy at the deformation rate 3500mm/s as a function of temperature by high-speed tensile 
test. The results for PC and PDMS-PC are plotted with the square (blue) and circle (green), 
respectively. In PC, Fracture energy decreases significantly around temperature lower than 263K. 
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(a) 296K(ductile fracture) (b) 243K(brittle fracture) 
Fig. 7 SEM micrographs of PC fracture surface at the deformation rate 3500mm/s. 
The straight-line part on the left side of a figure shows the notch root. At 
296K, a ductile fracture is seen, and a brittle fracture in 243K. 
Fig. 8 SEM micrographs of PDMS-PC fracture surface at the deformation rate 
3500mm/s. The straight-line part on the left side of a figure shows the 
notch root. Both at 296K and 243K ductile fractures are seen. 
(b) 243K(ductile fracture) (a) 296K(ductile fracture) 
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Fig. 10 Stress-Strain curves at temperature 243K in various deformation rates of PC and PDMS-PC. The results for the 
deformation rate 100, 350, 3500 and 7000mm/s are plotted with the solid blue, red, yellow and green curves, 
respectively. In PC, the fractured strain decreases significantly around the deformation rate faster than 350mm/s. 
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Fig. 9 Fracture energy at tensile speed 100mm/s and 7000mm/s as a function of temperature by high-speed 
tensile test. The results for PC and PDMS-PC are plotted with the square (blue) and circle (green), 
respectively. Fracture energy decreases depending on the test temperature and tensile speed. 
(a) Tensile speed 100mm/s (b) Tensile speed 7000mm/s 
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Fig. 11 SEM micrographs of PC and PDMS-PC fracture surface at the temperature 243K and 
the deformation rate 100mm/s. The straight-line part on the left side of a figure shows 
the notch root. Both for PC and PDMS-PC ductile fractures are seen. 
(a) PC(ductile fracture) (b) PDMS-PC(ductile fracture) 
Fig. 12 Fracture energy at the various temperatures as a function of deformation rate by high-speed tensile 
test. The results for PC and PDMS-PC are plotted with the square (blue) and circle (green), 
respectively. In PC, Fracture energy decreases depending on the test temperature and tensile speed. 
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90MPa?????????????????????? 7000mm/s???????? PDMS-PC?? 4%????
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???????????????????????????????????????????????????
??????????????????????????????????????????????????
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???????????????????-????????????? 
?????????????????????????????????????????????????
??????????????????????????????????????????????????
???????, 2013????????????????????????? 13(a)?(b)????????????
???????????? ε̇max????????????????????????????????????
??????? ε̇const?????????????? ε̇max?????????? ε̇const????? u/t??????
? 13(c)?????????????????????? 105mm/s ????????????????????
?????????? 105mm/s????????????????????????????????????
????????? 14????????????????????????????????????????
????????????????????????????????????? Ktε̇??????? 
??????????????????? Ktε̇=8.72??????????????????????????
?????????=50mm??????????????????????=50mm?????????????
????????????????? 15????????????????????????????????
??????????????????????????????????????????????????
??????????????????????296K???????????????????????????
1 ?????????????????????????????????????????????????
???? 16???????????????aT??????????????????-??????????
PC????????????????????????????????????????????????? 
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Fig. 14 Strain rate distribution along minimum section when the converged strain rate appears for 
ρ=0.2mm. The strain rate is plotted with the solid blue curve. Strain rate increases 
significantly around notch root. 
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Fig. 13 When the displacement is applied to the specimen as shown in Fig. 11 (a). The strain rate at 
the notch appears as shown in Fig. 11 (b). The maximum strain rate ε̇max and the converged 
strain rate ε̇const is proportional to the tensile speed as shown in Fig. 11 (c). 
10
102
103
104
105
106
102 103 104 105 106 107
St
ra
in
 ra
te
 a
t t
he
 n
ot
ch
 ro
ot
 , 
 [s
-1
]
Tensile speed u/t [mm/s]
???
 
Notch root 
max when 0.2 mm   
const when 0.2 mm   
(c) Maximum strain rate and converged strain rate vs tensile speed. 
Ti e  
0
0.2
0.4
0.6
0.8
1
0 0.0005 0.001 0.0015 0.002D
is
pl
ac
em
en
t 
[m
m
]
Time, t [s]  
 (a) Displacement δ applied to the specimen. 
δ 
Time s  
D
is
pl
ac
em
en
t 
δ 
m
m
 
Deformation rate   
 St
ra
in
 ra
te
 a
t t
he
 n
ot
ch
 ro
ot
 
ε̇ 
s-1
 
Notch root 
Kikai, Gijyutsu and Tokyo, Transactions of the JSME (in Japanese), Vol. 00, No. 00 (2014) 
[DOI: 10.1299/transjsme.2014xxx000x]                                      © 2014 The Japan Society of Mechanical Engineers 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
??????????????????????????????????????????????????
??????????????????????????????????????????????????
?aT???????????? 17 ??????????????????????????????????
??????????????????????????????????????????????????
??WLF?(Williams, et al., 1955)?????????? 
 
02
01ln
TTC
TTCaT 
                                     (1) 
????C1? C2???????T0?????????T0=296K??????????????PC?? 0.71?
63.4?PDMS-PC?? 1.02? 107.9??????????????????????????PDMS-PC????
?????????????? PDMS-PC?????????? PC??????????????? 
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05
N
om
in
al
 fr
ac
tu
re
 st
ra
in
 ε b
(G
au
ge
 le
ng
th
=5
0m
m
)
Strain rate at notch  Ktε?εnom s-1
296K
273K
263K
253K
243K
100 102 103 104 105101
?
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
1.E+0 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05
N
om
in
al
 fr
ac
tu
re
 st
ra
in
 ε b
(G
au
ge
 le
ng
th
=5
0m
m
)
Strain rate  at notch  Ktε?εnom s-1
296K
273K
263K
253K
243K
100 102 103 104 105101
??
Fig. 16 Master curves of the nominal fractured Strain of PC and PDMS-PC by high-speed tensile test, referenced to 296K. The 
results for the test temperature 296, 273, 263, 253 and 243K are plotted with the diamond-shaped (blue), square (red) triangle 
(green), circle (purple) and cross-joint mark (light-blue), respectively. The time-temperature superposition principle may be 
applied to the nominal fractured strain of PC and PDMS-PC. 
(a) PC 
(a) Master curve of PC 
(b) PDMS-PC 
(b) Master curve of PDMS-PC 
Fig. 15 Relationship between nominal fracture strain and notch root strain rate at various temperatures of PC and PDMS-PC by 
high-speed tensile test. The results for the test temperature 296, 273, 263, 253 and 243K are plotted with the diamond-shaped 
(blue), square (red) triangle (green), circle (purple) and cross-joint mark (light-blue), respectively. Both for PC and 
PDMS-PC, the fractured strain decreases depending on the test temperature and tensile speed. 
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6.  ?   ? 
???????????????????????????????PC ? PDMS ????????????
??????????????????????????????????????????????????
????????????????????????????????????????????????? 
?1?Izod???????????? 0.2mm?????????PC??? PCMS-PC???????????
???????????????????????????(? 14)?????????????????
???????????????????????????/??????????????? 
?2?????????????????-?????????????????aT? WLF ????????
PDMS-PC ? aT?? PC ? aT????????????????????,?????????????
??????????????????????????? 
?3?PC???/??????????????????????????????????????????
????????????????????PDMS-PC ?????????????? 7000mm/s???
???? 243K????????????????????????????????? 
  
?? 
?????????????????????????????????????????????????
???????????????????????????????鄭??????????????????
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Fig. 17 Temperature dependence of time-temperature shift factor for nominal fracture strain of PC and 
PDMS-PC by high-speed tensile test. The results for PC and PDMS-PC are plotted with the square 
(blue) and circle (green), respectively. The temperature dependency of the shift factor is quite low for 
PDMS-PC as compared with PC. 
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